5 p r o f i l e s were mad? f o r t h e f o u r i d e n t i c a l atomizers and values o f Dv.5 obtained near t h e spray c e n t e r l i n e were found t o be conside r a b l y h i g h e r t h a n t h e o v e r a l l values of Dv.5 o b t a i n e d f o r t h e e n t i r e spray. I n t r o d u c t i o n I n an experimental i n v e s t i g a t i o n o f two-phase i n t e r a c t i n g -f l o w s , c h a r a c t e r i s t i c d r o p diameters and s p r a y p r o f i l e d a t a were o b t a i n e d f o r small l i q u i d j e t s atomized w i t h h i g h v e l o c i t y n i t r o g e n gas streams. A r e c e n t l y improved s c a t t e r e d -l i g h t scanner, developed a t t h e NASA Lewis Research Center, was used t o o b t a i n t h e drop s i z e data. The i n s t r ument was p r i m a r i l y designed t o s t u d y small-droplet s p r a y s w i t h Sauter mean diameters i n t h e order o f 10 urn. Such spray5 a r e u s e f u l i n s i m u l a t i n q clouds f o r i c i n g r e s e a r c h and combustion s t u d i e s o f r a p i d l y v a p o r i z i n g f u e l sprays. A t present, v e r y l i t t l e d a t a a r e a v a i l a b l e on ,small-droplet sprays due e 4.4 by 1.9 cm r e c t a n g u l a r l a s e r beam. A diagram of t h e atomizers used i n t h e p r e s e n t s t u d y i s shown i n F i g . 3. They were designated as S-4, W a t P r sprays were i n j e c t e d down-
The sprays were sampled a t d i s t a n c e s o f 2.2, S-14, S-53, and S-94 and a l l were f a b r i c a t e d f r o m t h e same design.
Water a t a temperature o f 293 K, measured w i t h an I.C. thermocouple, was a x i a l l y i n j e c t e d i n t o t h e a i r s t r e a m b y g r a d u a l l y opening a c o n t r o l v a l v e u n t i l t h e d e s i r e d f l o w r a t e was o b t a i n e d as i n d i c a t e d b y a t u r b i n e flowmeter. N i t r o g e n gas was t h e n t u r n e d on t o atomize t h e w a t e r j e t and w e i g h t f l o w r a t e was measured w i t h a 0.51 cm diameter sharp edge o r i f i c e . A f t e r a i r , n i t r o g e n , and w a t e r f l o w r a t e s were s e t , volume median and o t h e r c h a r a c t e r i s t i c drop diamet e r s and exponents f o r d r o p s i z e d i s t r i b u t i o n e x p r e s s i o n s were determined u s i n g t h e s c a t t e r e dl i g h t scanner. F i g . 2. a 0.003-cm-diameter aperture, a 7.5-cm-diameter c o l l i m a t i n g lens, a 10-cm-diameter c o n v e r g i n g lens, a 5-cm-diameter c o l l e c t i n g lens, a scanning d i s k w i t h a 0.05-cm s l i t , a t i m i n g l i g h t , and a photom u l t i p l i e r d e t e c t o r . for Rosin-Rammler and Nukiyama-Tanasawa drop-size distribution expressions were also determined.
Comparisons of Performance o f Similar Atomizers
Volume median drop diameters produced by the four atomizers 5-4, S-14, S-53, and S-94 were measured with the scattered-light scanner. All four atomizers were constructed from the design shown in Fig. 3 . In Fig. 4(a) to (d) , the reciprocal of the volume median drop diameter versus nitrogen gas flowrate. varied from 3.15 to 9.46 glsec and the drop size data were obtained at a distance of 4.4 cm downstream of the atomizer. From these plots, the following general expression was derived for the four atomizers: D7t5 -Wfts2. In order to compare their atomizing performance, the following expressions were derived for atomizers 5-4, where the correlation coefficient, k, was evaluated at a constant water flowrate of 3.15 glsec, and Dv15 is given in cm-l. values of k differ by approximately 10 percent. This variation between atomizers is somewhat greater than desired in the design of an array of atomizers for application in a combustor or an icinq wind tunnel and it was attributed to variations in physical dimensions of the atomizers such as tubinq size and the 0.32 cm diameter orifice.
The highest and lowest

Effect of Axial Sampling Distance on Characteristic Drop Size
The entire spray was sampled at axial distances of x = 2.2, 4.4, and 6.7 cm where X is the distance from the atomizer orifice to the center line of the laser beam as measured along the spray center line. Water flowrate was held approximately Constant at 3.15 glsec and characteristic drop diameters, Dv.5 and 032, were measured and plotted against nitrogen gas flowrate, Wn, as shown in Figs. 5(a) and (b). All of the atomizers were used for this series of tests, and the data plotted in Fig. 5 (a) show that:
at values of X = 2.2, 4.4, and 6.7 cm, respectively. Sauter mean diameter, 032. Measurements bbtained at x = 2.2 cm are less affected by vaporization and dispersion of the very small droplets as compared with measurements made farther downstream from the atomizer orifice. Values of the exponent, n, obtained in other experimental studies are also shown in Table 1 for comparison with atomization theory.
Comparison of Characteristic Drop Size Expressions
D32, and 031, were determined using atomizer S-&o produce sprays which were sampled at downstream distances of x = 2.2, 4.4, and 6.7 cm. I n Figs. 6(a) The correlation coefficient, k, and nitrogen gas flowrate exponent, a, are given in Table 2 for comparison. It is interesting to note that at any of the three sampling distances, the value of k varied by only about *6 percent whereas the exponent a changed from 1.33 to 1.0 when X was increased from 2.2 to 6.7 cm. These results indicate that vaporization and dispersion of the small drops had only a minor effect on the correlation coefficient k but a major effect on the exponent a.
Profiles of Characteristic Drop Diameter, Di.5 The beam height of the scattered-light scanner was reduced from 4.4 to 0.64 cm and line-of-sight measurements of the characteristic drop diameter were obtained at several horizontal locations in each spray. four ptomizers S-4, S-14, S-53, and S-94 and values of Dv.5 are plotted against horizontal location as shown in Fig. 7 . The spray profile data were obtained for the four atomizers at constant water and nitrogen gas flowrates and an axial downstream sampling distance of 2 = 4.4 cm.
1 ine were reduced nearyy 50 percent, from approximately 60 to 30 urn, when the nitrogen gas flowrate was increased from 1.59 to 2.59 glsec. reduction in Ov.5 occurred near the upper and lower fringes of the sprays. The asymmetry o f the spray profiles was attributed to the effect o f gravity on the drops and also to slight misalignments of the,center tubes of the various atomizers. Values of Dv.5 show relatively good uniformity of drop sizelfor the four atomizers. values of 0, 5 for the four atomizers were in the order of 10 to 20 percent. 
Concluding Remarks
When c h a r a c t e r i s t i c drop diameters o f water sprays were measured w i t h t h e s c a t t e r e d -l i g h t scann e r a t a d i s t a n c e o f 2. 
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